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ABSTRACT
Objectives: The aim of the study was to assess the effectiveness of postmenopausal osteoporosis treatment with natural 
sex hormones. 

Material and methods: The single-blind study included 210 women, randomly allocated to three different groups, with 
various methods of treatment: Group I (70 controls) received transcutaneous placebo for the course of one year, Group 
II (70 females, aged 52.2 ± 3.1 years) used oral hormone supplementary therapy (HST), and Group III (70 females, aged 
51.9 ± 3.5 years) received transcutaneous modified hormone replacement therapy (MHRT), supplemented with intravaginal 
lutein, dietary minerals, and 1000 IU of vitamin D3/day. 

Results: No increase in bone mineral density was observed in the control group. However, mineral density of the vertebral 
bodies was significantly higher after 3 and 5 years in the HST group (p < 0.05), and after 1 year in the MHRT group (p < 0.01). 
This increase was even more significant (p < 0.001) after 3 and 5 years in the MHRT group. 

Conclusions: Transcutaneous hormone therapy with micronized estradiol and progesterone is the treatment of choice in 
postmenopausal osteoporosis, as evidenced by bone mineral density and biochemical markers.
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INTRODUCTION
Postmenopausal osteoporosis belongs to the group 

of primary involutional pathologies and is responsible for 
as many as 80% of the cases of metabolic bone disease. Its 
etiology has been linked with estrogen deficit [1–5], and 
dysfunction of the thyroid gland [6–10], adrenals [11, 12], 
or the hypothalamic-pituitary axis [13–17]. Estrogens play 
a key role in maintaining bone mass and stabilizing bone 
metabolism through inhibition of the resorptive activity 
of osteoclasts and stimulation of osteogenesis by osteo-
blasts. Osteoblasts suppress the secretion of resorptive cyto-
kines IL-1, IL-6, and TNF-α, which act as paracrine regulators 
of osteoblasts. Since the 1960s, estrogens have been used 
to treat osteoporosis owing to their enhancement of the 
expression of vitamin D3 receptors, growth hormone recep-
tors, and the osteoprotegerin gene [18], and their regulatory 
action on the thyroid gland [19]. Estrogens, like testosterone, 

stimulate bone metabolism [20]. Moreover, estrogens pro-
mote the uptake of microelements in the gastrointestinal 
system, thus maintaining a positive metabolic balance in the 
bones [21]. Estrogen action depends on their type, dose, and 
route of administration. The oral route is commonly used, 
although it is associated with adverse effects in the form of 
arterial hypertension, stroke, myocardial infarction, as well 
as tumors of the uterus, ovaries and glands of the mucous 
membranes. These adverse effects were the reason behind 
the decision to administer a modified hormone therapy with 
a 50% smaller dose of estrogens as compared to the dose 
recommended by the manufacturer.

OBJECTIVE
The study was undertaken to assess the effects of oral 

hormone supplementary therapy (HST) and transcutane-
ous modified hormone replacement therapy (MHRT) on 
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biochemical and clinical aspects of postmenopausal osteo-
porosis, using the following parameters: concentrations of 
gonadotropins, estrogens, progesterone, prolactin, markers 
of bone turnover (bone-specific alkaline phosphatase, pro-
collagen, osteocalcin), insulin-like growth factor, and growth 
hormone, as well as the mineral densities of L1–L4 vertebral 
bodies, body mass index, and arterial blood pressure. 

MATERIAL AND METHODS
Our single-blind, placebo-controlled study enrolled 

210 female city dwellers without a history of chronic ill-
ness or hereditary disease. Group I comprised 70 women 
who received placebo (Janssen-Cilag Baar, Switzerland) 
in the form of transcutaneous plasters administered over 
the course of one year. Group II included 70 women (aged 
52 ± 3.1 years) who received oral HST with Cyclo-Menorette 
(Wyeth-Munster), containing 1 mg estradiol with a molecular 
weight of 343.39 g, 2 mg estradiol with a molecular weight of 
288.38 g, and 0.25 mg levonorgestrel with a molecular weight 
of 312.4 g, with therapeutic cycles of 22 days, followed by 
a treatment-free interval of 7 days to induce menstruation. 
Group III included 70 women (aged 51.9 ± 3.5 years) who 
received transcutaneous modified HRT (MHRT) developed by 
Stanosz [22] and based on Systen 50 (Janssen-Cilag Baar, Swit-
zerland), containing 17β-estradiol with a molecular weight 
of 272.39 g, supplemented from day 11 with micronized 
lutein (molecular weight: 314.47 g) from Adamed Pienkow 
(Poland). The dose of lutein was 50 mg/24h for the first and 
100 mg/24h for the next 6 days. Therapeutic cycles of 22 days 
were followed by a treatment-free interval of seven days to 
induce menstruation. All participants followed a mineral-rich 
diet and received 1000 IU/24 h of vitamin D3 (Vitrum) during 
the autumn-spring season. Bromocriptine (5 mg/24 h) was 
administered for 12 days in women with hyperprolactinemia. 
Oral Metformax (850 mg/24 h; Teva) was administered for 
12 days to women with hyperinsulinism. Venous blood was 
collected in the morning. Concentrations of gonadotropins, 
estrogens, progesterone, prolactin, growth hormone, os-
teocalcin, procollagen, and insulin-like growth factor were 
determined with Elisa (IBL). Alkaline phosphatase activities 
were measured with test kits from DRG. Bone mineral density 
(BMD) of the lumbar vertebral bodies was determined with 
the DEXA DPX-TQ densitometer from Lunar Corporation. As-
sessment of bone density was done according to the WHO 
recommendations. Clinical and sonographic (Siemens Adara, 
USA) examinations of the breasts, ovaries, and the endome-
trium were performed during a 5-year follow-up. Local Ethics 
Committee approved of the study (№ BN-001/05).

Statistical analyses
Statistical analyses were performed using Statistica 9. Dis-

tributions of serum concentrations for most hormones devi-

ated significantly from the norm, as determined with the 
Shapiro-Wilk test, in which case nonparametric tests were 
applied. The significance of change in hormone concentra-
tion during follow-up was assessed with Friedman’s ANOVA 
and the Wilcoxon matched-pairs test. The significance of the 
differences between the groups was determined with the 
Kruskal-Wallis ANOVA test and the Mann-Whitney U-test. 
The significance of change in BMD during follow-up was 
evaluated with Student’s paired samples t-test in each group 
of patients. The significance of differences in BMD between 
the three groups of patients was assessed with ANOVA and 
Tukey’s post-hoc test. Statistical significance in the case of per-
centage values was determined with the chi-square test. The 
p-value of < 0.05 was considered as statistically significant. 

RESULTS
The results are shown in Tables 1–7. Table 1 demon-

strates that the participants were homogenous as to age, 
body weight, parity, residence, and age at menopause; no 
statistically significant differences were found.

Table 2 contains mean values and standard deviations 
for all parameters in the group of patients on placebo at 
the start and after one year of follow-up. BMD of L3 and 
L4 vertebral bodies was significantly lower after one year 
of placebo (p < 0.05). 

Table 3 shows the results in groups II and III before treat-
ment; no significant differences were noted. After one year 
of HST and MHRT (Table 4), the concentrations of gon-
adotropins (FSH, LH) decreased significantly (p < 0.001), 
while the concentrations of estrogens increased signifi-
cantly (p < 0.001). HST patients demonstrated significantly 
higher concentrations of prolactin, body mass index, and 
systolic blood pressure (p < 0.05). In this group, concentra-
tions of bone-forming factors were insignificantly reduced. 
Patients on MHRT presented with higher concentrations of 
the growth hormone, progesterone, IGF-1, and activities of 
the bone-specific alkaline phosphatase (p < 0.05). 

Table 5 demonstrates that the concentrations of gon-
adotropins (FSH, LH) and estrogens after three years of oral 
HST and transcutaneous MHRT were significantly lower 
(p < 0.001) and significantly higher (p < 0.001), respectively. 
HST patients presented with significantly higher concentra-
tions of prolactin (p < 0.01), growth hormone (p < 0.01), and 
BMI (p < 0.01). In this group, significantly reduced concentra-
tions of IGF-1 (p < 0.01) and bone-forming factors (p < 0.05) 
were noted. MHRT patients demonstrated elevated concen-
trations of progesterone, IGF-1, and procollagen (p < 0.05). 
Activities of the bone-specific alkaline phosphatase were 
reduced (p < 0.01). No significant differences in BMI and 
arterial blood pressure values were found. 

Table 6 shows that five years of oral HST and transcuta-
neous MHRT produced significantly lower concentrations 
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of gonadotropins (FSH, LH) (p < 0.001) and significantly 
higher concentrations of estrogens (p < 0.001). In case of HST 
patients, bone-forming factors (bALP, PICP, OC) decreased 
significantly (p < 0.05). Concentrations of IGF-1 were signifi-
cantly lower as well (p < 0.01). Significantly higher concen-
trations of the growth hormone, BMI, and blood pressure 

values were observed (p < 0.01). MHRT patients presented 
with significantly higher concentrations of progesterone 
(p < 0.01), osteocalcin (p < 0.01), IGF-1, growth hormone 
(p < 0.001), and procollagen (p < 0.01). BMI increased sig-
nificantly (p < 0.05) and no change in arterial blood pressure 
values was found. 

Table 7 demonstrates that one year of placebo resulted 
in significant reductions in BMD of L1–L4 vertebral bodies 
(p < 0.05), as well as in the respective percentage values 
(p < 0.05). In group II, L1–L4 BMD values were greater after 
one year (p < 0.05), without a tendency to higher values after 
three and five years of the follow-up. Patients using trans-
cutaneous MHRT presented with greater BMD of L1–L4 ver-
tebral bodies after one year (p < 0.05) and higher values 
after three (p < 0.01) and five years of follow-up (p < 0.001). 

DISCUSSION
The present study has shown that the type of estrogen 

and the route of administration both exert an influence 
on hormone metabolism and therapy outcome. Signifi-
cantly reduced concentrations of FSH and LH (p < 0.001) are 
linked with the route of administration [23, 24]. Hormone 
distribution is important in case of estrone and estradiol 
[25]. Oral estrogens in group II (HST) are partially (70%) 
metabolized by the liver, excreted with the bile together 
with other metabolites, and taken up again in the small 
intestine [26]. Oral hormone therapy is associated with he-
patic conversion of estradiol to estrone and its conjugates 
with glucuronic and sulfuric acids [27]. Multiple passages of 
estrogens through the liver lead to an additive effect during 
subsequent therapeutic cycles [28]. Acting on hepatocytes, 
estrogens stimulate the synthesis of hormone-transporting 
proteins, thus reducing the fraction of free hormones and 
their tissue availability. Transcutaneous MHRT in group III 

Table 1. Clinical data of women receiving placebo (group I), oral HST (group II), and transcutaneous modified MHRT (group III)  
(mean ± standard deviation)

Parameters Group I (placebo) 
n = 70

Group II (HST)
n = 70

Group III (MHRT)
n = 70 p#

Age 50.8 ± 3.4 52.1 ± 3.1 59.9 ± 3.5 NS

BMI 24.7 ± 3.9 24.2 ± 1.1 23.8 ± 1.2 NS

Systolic blood pressure [mm Hg] 120.5 ± 22.1 127.28 ± 13.24 126.52 ± 16.55 NS

Diastolic blood pressure [mm Hg] 74.9 ± 6.1 75 ± 9.4 93 ± 11.7 NS

Parity 2.4 ± 0.9 2.1 ± 0.7 1.9 ± 0.9 NS

Number of abortions 1.5 ± 0.85 1.7 ± 0.2 1.4 ± 1.9 NS

Age at menopause (yrs) 49.1 ± 1.6 49.7 ± 2.3 49.3 ± 1.9 NS

Postmenopausal age (yrs) 3.9 ± 1.4 3.5 ± 1.8 3.4 ± 2.1 NS

Smokers (%) 17.9 18.7 20.5 NS

mm Hg = 0.1333 kPa 
Group I — transcutaneous placebo; Group II — oral HST; Group III — transcutaneous MHRT; NS — not significant; n — number of women in the group; p — level of 
significance; #Mann-Whitney U test or chi-square test

Table 2. Concentrations of gonadotropins (FSH, LH), estrogens 
(E1, E2), progesterone (P), prolactin (PRL), bone-specific alkaline 
phosphatase (bALP), procollagen (PICP), osteocalcin (OC), growth 
hormone (GH), insulin-like growth factor (IGF-1), body mass index 
(BMI), systolic and diastolic blood pressures in group I (placebo)

Markers
Group I n=70

Placebo (before 
treatment)

Group I n=70
Placebo (after 

treatment)

FSH [mIU/mL] 69.1 ± 8.4 72 ± 11

LH [mIU/mL] 37.3 ± 11.0 35.0 ± 9.7

E1 [pg/mL] 22.1 ± 3.1 20.1 ± 1.5

E2 [pg/mL] 19.71 ± 7.2 17.3 ± 4.3

P [ng/mL] 0.21 ± 0.7 0.2 ± 0.03

PRL [ng/mL] 18.7 ± 2.4 23.3 ± 4.1*

bALP [ng/mL] 31.7 ± 4.2 30.1 ± 3.2

PICP [ng/mL] 133.0 ± 22.0 135.0 ± 19.7

BGP [ng/mL] 18.4 ± 3.1 17.9 ± 3.2

IGF-1 [ug/L] 97.4 ± 11.3 94.1 ± 3.7

GH [mIU/L] 1.5 ± 0.7 1.3 ± 0.4

BMI [kg/m2] 25.9 ± 3.1 23.8 ± 4.1

Systolic blood 
pressure [mm Hg] 124.1 ± 9.7 135 ± 6.2*

Diastolic blood 
pressure [mm Hg] 71.1 ± 6.2 75.0 ± 4.1

mm Hg = 0.1333 kPa 
n — number of women; p — level of significance; *p < 0.05, Wilcoxon 
matched-pairs test
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Table 3. Concentrations of gonadotropins (FSH, LH), estrogens (E1, E2), progesterone (P), prolactin (PRL), bone-specific alkaline phosphatase 
(bALP), procollagen (PICP), osteocalcin (OC), growth hormone (GH), insulin-like growth factor (IGF-1), body mass index (BMI), systolic and diastolic 
blood pressures in group II (HST) and group III (MHRT) before treatment

Markers Group II (HST) n = 70 Group III (MHRT) n = 70 p

FSH [mIU/mL] 72.1 ± 17 65.4 ± 11.3 NS

LH [mIU/mL] 35.2 ± 12 33.5 ± 12.2 NS

E1 [pg/mL] 20.5 ± 2.81 14.31 ± 4.49 NS

E2 [pg/mL] 18.54 ± 2.84 20.89 ± 2.16 NS

P [ng/mL] 0.27 ± 0.9 0.29 ± 0.11 NS

PRL [ng/mL] 12.64 ± 2.95 11.44 ± 2.13 NS

bALP [ng/mL] 29.1 ± 5.3 30.2 ± 4.7 NS

PICP [ng/mL] 134.7 ± 22.1 124.4 ± 31.7 NS

BGP [ng/mL] 17.6 ± 5.3 15.3 ± 4.4 NS

IGF-1 [ug/L] 98.2 ± 30.7 99.2 ± 29.2 NS 

GH [mIU/L] 1.1 ± 0.4 1.3 ± 0.9 NS

BMI [kg/m2] 24.2 ± 0.9 23.9 ±1.4 NS

Systolic blood pressure [mm Hg] 127.28 ± 13.24 126.52 ± 16.55 NS 

Diastolic blood pressure [mm Hg] 80.42 ± 7.21 76.5 ± 7.55 NS

mm Hg = 0.1333 kPa  
n — number of women in the group; NS — not significant; p — level of significance, Mann-Whitney U-test

Table 4. Concentrations of gonadotropins (FSH, LH), estrogens 
(E1, E2), progesterone (P), prolactin (PRL), bone-specific alkaline 
phosphatase (bALP), procollagen (PICP), osteocalcin (OC), growth 
hormone (GH), insulin-like growth factor (IGF-1), body mass index 
(BMI), systolic and diastolic blood pressures in group II (HST) and 
group III (MHRT) after one year of treatment

Markers Group II (HST) 
n = 70

Group III (MHRT) 
n = 70

FSH [mIU/mL] 52.1 ± 12.3**** 45.4 ± 12.3***

LH [mIU/mL] 25.6 ± 11.6**** 27.1 ± 10.1***

E1 [pg/mL] 226.6 ± 50.3**** 209.6 ± 6.6***

E2 [pg/mL] 127.2 ± 27.9**** 182.7 ± 17.7***

P [ng/mL] 0.21 ± 0.7 4.18 ± 0.22***

PRL [ng/mL] 16.15 ± 3.51* 12.41 ± 2.15

bALP [ng/mL] 25.3 ± 14.7 33.7 ± 6.1* 

PICP [ng/mL] 131.3 ± 19.3 127.3 ± 29.3

BGP [ng/mL] 15.1 ± 6.2 19.4 ± 6.7*

IGF-1 [ug/L] 90.8 ± 17.4 118 ± 31.1**

GH [mIU/L] 1.4 ± 0.9* 2.5 ± 1.9**

BMI [kg/m2] 25.7 ± 1.4 24.5 ± 1.1

Systolic blood 
pressure [mm Hg] 137.42 ± 8.85* 128.38 ± 8.07

Diastolic blood 
pressure [mm Hg] 87.57 ± 5.9* 77.57 ± 4.43

mm Hg = 0.1333 kPa  
n — number of women in the group; p — level of significance; *p < 0.05; 
**p < 0.01; ***p < 0.001; ****p < 0.0001 in comparison to initial values

Table 5. Concentrations of gonadotropins (FSH, LH), estrogens 
(E1, E2), progesterone (P), prolactin (PRL), bone-specific alkaline 
phosphatase (bALP), procollagen (PICP), osteocalcin (OC), growth 
hormone (GH), insulin-like growth factor (IGF-1), body mass index 
(BMI), systolic and diastolic blood pressures in group II (HST) and 
group III (MHRT) after three years of treatment

Markers Group II (HST) 
n = 70

Group III (MHRT) 
n = 70

FSH [mIU/mL] 27.3 ± 7.1**** 24.6 ± 11.2***

LH [mIU/mL] 16.4 ± 7.4**** 12.4 ± 8.4***

E1 [pg/mL] 209.58 ± 10.8**** 70.66 ± 12.23****

E2 [pg/mL] 122.77 ± 16.66**** 63.5 ± 10.11***

P [ng/mL] 0.2 ± 0.06 4.49 ± 0.31***

PRL [ng/mL] 20.81 ± 4.13** 12.1 ± 1.8

bALP [ng/mL] 21.2 ± 6.1 37.1 ± 8.1**

PICP [ng/mL] 130.1 ± 33.1 130.8* ± 27.2

BGP [ng/mL] 14.1 ± 4.9 29.4 ± 6.1

IGF-1 [ug/L] 84.0 ± 20.3* 128.7 ± 30.0*** 

GH [mIU/L] 2.1 ± 1.8** 3.4 ± 2.1***

BMI [kg/m2] 27.2 ± 1.8** 25.3 ± 1.2 

Systolic blood 
pressure [mm Hg] 137.92 ± 8.85* 126.38 ± 8.7

Diastolic blood 
pressure [mm Hg] 84.57 ± 5.98 77.57 ± 4.43

mm Hg = 0.1333 kPa 
n — number of women in the group; p — level of significance; *p < 0.05; 
**p < 0.01; ***p < 0.001; ****p < 0.0001 in comparison to initial values
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Table 6. Concentrations of gonadotropins (FSH, LH), estrogens 
(E1, E2), progesterone (P), prolactin (PRL), bone-specific alkaline 
phosphatase (bALP), procollagen (PICP), osteocalcin (OC), growth 
hormone (GH), insulin-like growth factor (IGF-1), body mass index 
(BMI), systolic and diastolic blood pressures in group II (HST) and 
group III (MHRT) after five years of treatment

Markers Group II (HST) 
n = 70

Group III (MHRT) 
n = 70

FSH [mIU/mL] 23.3 ± 8.1**** 21.3 ± 8.4****

LH [mIU/mL] 19.5 ± 0.1**** 18.5 ± 5.3****

E1 [pg/mL]] 210.1 ±11.4**** 78.3 ± 8.4***

E2 [pg/mL] 123.1 ± 14.1**** 72.4 ± 9.7****

P [ng/mL] 0.11 ± 0.05 4.3 ± 0.51****

PRL [ng/mL] 21.3 ± 5.1** 12.9 ± 1.6

bALP [ng/mL] 20.8 ± 6.4** 35.0 ± 6.1*

PICP [ng/mL] 125.8 ± 11.7* 140.5 ± 21.3**

BGP [ng/mL] 18.1 ± 6.9* 25.5 ± 5.9**

IGF-1 [ug/L] 93.1 ± 14.1** 131.5 ± 11.3***

GH [mIU/L] 2.9 ± 1.4** 3.8 ± 2.2***

BMI [kg/m2] 28.9 ± 1.2* 24.9 ± 1.3

Systolic blood 
pressure [mm Hg] 138.28 ± 5.8** 128.38 ± 7.42

Diastolic blood 
pressure [mm Hg] 88.0 ± 4.05 82.3 ± 3.67

mm Hg = 0.1333 kPa 
n — number of women in the group; p — level of significance; *p<0.05; 
**p<0.01; ***p < 0.001; ****p < 0.0001 in comparison to initial values

Table 7. Mineral densities of L1-L4 vertebral bodies depending on the method of treatment

Group n Examination L1 
[g/cm2]

L2
[g/cm2]

L3
[g/cm2]

L4
[g/cm2]

BMI % 
L1–L4

I
Placebo 70

Initial 0.883 ± 0.091 0.935 ± 0.077 0.917 ± 0.065 0.955 ± 0.071 –

After one year 0.868 ± 0.051 0.900 ± 0.066 0.880 ± 0.052 0.910 ± 0.046 –3.53

II
HST 70

Initial 0.883 ± 0.091 0.935 ± 0.087 0.917 ± 0.065 0.952 ± 0.071 –

After one year 0.908 ± 0.071 0.956  ± 0.081 0.959* ± 0.056 0.952* ± 0.067 +4.38

After three years 0.917* ± 0.071 0.975* ± 0.062 0.967* ± 0.060 0.991* ± 0.083 +3.98

After five years 0.92* ± 0.067 0.963* ± 0.074 0.957* ± 0.068 0.992* ± 0.091 +4.15

III
MHRT 70

Initial 0.872 ± 0.066 0.921 ± 0.059 0.957 ± 0.41 0.942 ± 0.071 –

After one year 0.902* ± 0.086 0.954* ± 0.091 0.971* ± 0.067 0.947* ± 0.061 +4.4

After three years 0.997** ± 0.071 1.094*** ± 0.084 1.021*** ± 0.066 1.019*** +7.4

After five years 1.011*** ± 0.088 1.019*** ± 0.091 1.013*** ± 0.076 1.016*** ± 0.081 +10.83

n — number of women in the group; p — level of significance; *p < 0.05; **p < 0.01; ***p < 0.001 in comparison to initial values

precluded the primary passage through the portal system 
of the liver, resulting in serum concentrations of estrogens 
which are sufficient to alleviate menopausal symptoms and 
improve bone metabolism. MRHT women presented with 
a three-fold increase in the concentrations of estrogen and 
a normal E1:E2 ratio (1:1). The concentration curve resem-
bled a sinusoid, as in physiologic menstrual cycles. Serum 

concentration of progesterone increased five-fold and pro-
vided for optimal secretory activity of the endometrium 
during the second phase of the therapeutic cycle. Synthesis 
of the insulin-like growth factor is induced in osteoblasts 
by estrogen and the growth hormone [29], stimulating the 
precursor of osteoclasts and bone formation [30, 31]. The 
liver is the main source of circulating IGF-1 [32, 33]. 

Numerous studies have confirmed that the effect of es-
trogens on the concentration of GH, IGF-1, and bone-form-
ing factors depends on the route of administration. Sig-
nificantly higher concentrations of estrone and estradiol in 
women using oral HST are linked with the chemical structure 
and distribution. The effect of estrogens on the liver is due 
to two mechanisms of turnover of the inactive substrate 
to the active hormone, and is associated with the binding 
to hepatocyte receptors, leading to stimulation of protein 
synthesis and modulation of biochemical processes. It has 
frequently been noted that oral estrogens produce an effect 
on lipid metabolism, as well as on the synthesis of renin, 
blood-clotting factors, and the sex hormone-binding globu-
lin (SHBG). Enhanced synthesis of SHBG is associated with 
reduced concentrations of free estradiol acting on tissue 
receptors. In turn, impaired availability produces signifi-
cantly smaller concentrations of the bone-specific alkaline 
phosphatase, osteocalcin, procollagen, IGF-1, as well as 
BMD values seen after one, three, and five years of HST. 
Transcutaneous MHRT provided for optimal mean concen-
trations of E1 and E2, which fully prevented bone mass loss 
as confirmed with densitometry. Even though the dose of 
estrogens in MHRT has been reduced by 50 %, menopausal 
symptoms and metabolic disorders could still be alleviated. 
One year of balanced transcutaneous hormone therapy 
(MHRT) has stabilized concentrations of bone-forming fac-
tors, thus producing significantly higher BMD, as well as 
maintaining arterial blood pressure and BMI values seen 
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after one, three, and five years of treatment. Five years of 
HST have been associated with hyperprolactinemia in 25%, 
arterial hypertension in 11%, elevated serotonin concentra-
tion in 11.5%, mammary cysts in 9.8%, mammary fibrocystic 
lesions in 11.3%, and benign endometrial hyperplasia in 
9.7% of the cases. In contrast, mammary cysts were seen in 
just 2.3% of women receiving transcutaneous MHRT.

CONCLUSIONS
Transcutaneous hormone therapy with micronized 

estradiol and progesterone is the procedure of choice in 
postmenopausal osteoporosis.

Transcutaneous hormone therapy with micronized es-
tradiol and progesterone in rising doses, with a seven-day 
interval between therapeutic cycles, provides for a physi-
ologic rhythm in estrogen and progesterone concentrations, 
with sinusoidal concentration curves resembling those dur-
ing normal menstrual cycles. 

Significantly lower concentrations of biochemical mark-
ers and mineral density values in L1–L4 vertebral bodies of 
women using oral supplementary therapy with synthetic 
hormones may be attributed to chemical structure, me-
tabolism, and hyperprolactinemia. 

Acknowledgements
The authors wish to thank all patients participating in this 
five-year study for their disciplined cooperation during the 
diagnostic and therapeutic approach to osteoporosis.

REFERENCES
1. Matsumura S, Ohta T, Takahashi T, [et al.]. Non-sex cord-stromal ova-

rian tumors frequently produce and secrete estrogen in postmenopausal 
women; impact on bone metabolism and abnormal endometrial histo-
logy. J Clin Endocrinol Metab. 2013, 98, 2775–2782.

2. Moselhy SS, Al-Malki AL, Kumosani TA, [et al.]. Modulatory effect of 
cod liver oil on bone mineralization in overiectomized female Sprague 
Dawley rats. Toxicol Ind Health. 2012, 28, 387–392.

3. Miyabara Y, Holmes D, Camp J, [et al.]. Comparison of calibrated and un-
calibrated bone mineral density by CT to DEXA in menopausal women. 
Climacteric. 2012, 15, 374–381.

4. Grynberg M, Pierre A, Rey R, [et al.]. Differential regulation of ovarian an-
ti-müllerian hormone (AMH) by estradiol through α- and β-estrogen 
receptors. J Clin Endocrinol Metab. 2012, 97, 1649–1657.

5. Meczekalski B, Podfigurna-Stopa A, [et al.]. Hypoestrogenism in young 
women and its influence on bone mass density. Gynecol Endocrinol. 
2010, 26, 652–657.

6. Schwartz E, Holtorf K. Hormone replacement therapy in the geriatric 
patient: current state of the evidence and questions for the future. Es-
trogen, progesterone, testosterone, and thyroid hormone augmentation 
in geriatric clinical practice: part 1. Clin Geriatr Med. 2011, 27, 541–559.

7. Bertone-Johnson ER, Hankinson SE, Bendich A, [et al.]. Calcium and 
vitamin D intake and risk of incident premenstrual syndrome. Arch Intern 
Med. 2005, 13, 1246–1252.

8. Yoldemir T, Erenus M, Durmusoglu F. The impact of serum FSH and estra-
diol on postmenopausal osteoporosis related to time since menopause. 
Gynecol Endocrinol. 2012, 28, 884–888. 

9. Stein EM, Keplay A, Walker M, [et al.]. Skeletal structure in postmenopausal 
women with osteopenia and fracture is characterized by abnormal trabe-
cular plates and cortical thinning. J Bone Miner Res. 2014, 29, 1101–1109.

10. Meczekalski B. Hypoestrogenism in young women and its influence on 
bone mass density. Gynecol Endocrinol. 2010, 26, 652–657. 

11. Rosales-Aujang E, Munoz-Enciso IM, Arias-Ulloa R. Prevalence of oste-
openia and osteoporosis in postmenopausal women and its relation of 
risk factors. Ginecol Obstet Mex. 2014, 82, 223–228. 

12. Di Carlo C, Tomaseli GA, Gargano V, [et al.]. Transdermal estradiol and 
oral or vaginal natural progesterone: bleeding patters. Climacteric. 
2014, 13, 442–446.

13. Celik E, Guzel S, Abali R, [et al.]. The relationship between fibroblast 
growth factor 23 osteoporosis in postmenopausal women. Minerva 
Med. 2013, 104, 497–504.

14. Gantus MA, Alves LM, Stipursky J, [et al.]. Estriadol modulates TGF-B1 
expression and its signaling pathway in thyroid stromal cells. Mol Cell 
Endocrinol. 2011, 337, 71–79.

15. You L, Chen L, Pan L, [et al.]. New insight into the gene function of 
osteoporosis. Front Biosci. 2013, 18, 1088–1097.

16. Pepene CE, Seck T, Diel I, [et al.]. Effect of glucocorticoid, parathyroid and 
thyroid hormones excess on human iliac crest bone matrix insulin like 
growth factor (IGF) I in patients with osteoporosis. Exp Clin Endocrinol 
Diabetes. 2010, 118, 310–314. 

17. Randazzo ME, Grossrubatscher E, Dalino Ciaramella P, [et al.]. Spontane-
ous recovery of bone mass after cure of endogenous hypercortisolism. 
Pituitary. 2012, 15, 193–201.

18. Majumdar A, Mangal NS. Hyperprolactinemia. J Hum Reprod Sci. 2013, 
6, 168–175.

19. Recouvreux MV, Lapyckyj L, Camiletti MA, [et al.]. Sex differences in the 
pituitary transforming growth factor B1 system studies in a model of 
resistant prolactinomas. Endocinology. 2013, 154, 4192–4205. 

20. Di Carlo C, Tomaseli GA, Gargano V, [et al.]. Transdermal estradiol and 
oral or vaginal natural progesterone: bleeding patters. Climacteric. 
2011, 13, 442–446.

21. Paperska L, Rabijewski M, Kasperlik-Załuska A, [et al.]. Effect of DHEA 
supplementation on serum IGF-1, osteocalcin, and bone mineral 
density in postmenopausal, glucocorticoid-treated women. Adv Med 
Sci. 2012, 57, 51–57.

22. Stanosz S, Żochowska E, Safranow K, [et al.]. Influence of modified 
transdermal hormone replacement therapy on the concentration of 
hormones, growth factors, and bone mineral density in women with 
osteopenia. Metabolism. 2009, 58, 1–7. 

23. Rizzoli R, Stevenson JC, Bauer JM, [et al.]. The role of dietary protein and 
vitamin D in maintaining musculoskeletal health in postmenopausal 
women: a consensus statement from the European Society for Clinical 
and Economic Aspects of Osteoporosis and Osteoarthritis (ESCEO). 
Maturitas. 2014, 79, 122–132.

24. Tella SH, Gallagher JC. Prevention and treatment of postmenopausal 
osteoporosis. J Steroid Biochem Mol Biol. 2014, 142, 155–170.

25. Alonso A, Gonzalez C. Neuroprotective role of estrogens: relationship 
with insulin/IGF-1 signaling. Front Biosci (Elite Ed). 2012, 1, 607–619.

26. Corina M, Vulpoi C, Branisteanu D. Relationship between bone mineral 
density, weight and estrogen levels in pre and postmenopausal women. 
Rev Med Chir Soc Med Nat Iasi. 2012, 116, 946–950.

27. Xu XJ, Shen L, Yang YP, [et al.]. Serum sclerostin levels associated with 
lumbar spine bone mineral density and bone turnover marks in patients 
with postmenopausal osteoporosis. Chin Med. 2013, 123, 2480–2484.

28. Milewicz T, Krzysiek J, Rogatko I, [et al.]. Influence of estradiol administra-
tion mode on plasma insulin-like growth factor-I (IGF-I) and its binding 
proteins 1 and 3 concentration in postmenopausal women treated with 
norethisterone acetate. Ginekol Pol. 2011, 82, 200–204. 

29. Liedtke S, Schmidt ME, Vrieling A, [et al.]. Postmenopausal sex hormone in 
relation to body fat distribution. Obesity (Silver Spring). 2012, 20, 1088–1095.

30. Tian J, Berton TR, Shirley SH, [et al.]. Developmental stage determines 
estrogen receptor alpha expression and non-genomic mechanism that 
control IGF-1 signaling and mammary proliferation in mice. J Clin Invest. 
2012, 122, 192–204.

31. Ryan J, Stanczyk FZ, Dennerstain L, [et al.]. Hormone levels and cognitive 
function in postmenopausal midlife women. Neurobiol Aging. 2012, 
33, 1138–1147. 

32. Liu SZ, Tian LF, Xu P, [et al.]. Analysis of correlation between blood 
biochemical indicators and bone mineral density of post-menopausal 
women. Mol Biol Rep. 2011, 38, 939–948.

33. Bolanowski M, Zadrozna-Sliwka B, Jawiarczyk A, [et al.]. The influence of 
other than prolactin hormones on bone mineral density in women with hy-
perprolactinemia of various origins. Gynecol Endocrinol. 2010, 26, 623–627. 


